Purpose: To describe clinical characteristics and response to verteporfin therapy (PDT) in eyes with retinal pigment epithelium detachment (PED) in the absence of primary disease other than characteristics compatible with central serous chorioretinopathy (CSC). Methods: Retrospective review of 634 consecutive patients diagnosed with isolated PED or CSC in one or both eyes in the period from 2007 to 2014 at a single institution. Results: Pigment epithelium detachment (PED) in the absence of primary pathology other than angiographic choroidal hyperpermeability in the incident or fellow eye or manifest CSC in the fellow eye was found in 22 eyes in 19 patients. Follow-up ranged from 4 to 61 months. Five of 19 patients (26%) had classic CSC in the fellow eye. Transition from isolated PED to manifest CSC in the eye with PED was observed in seven eyes (33%) over a median untreated period of observation of 11 months (range, 1-32 months). A single session of PDT followed up 1-6 months later showed full resolution of the PED in seven (78%) of nine eyes. Of the 13 untreated eyes, five eyes (38%) underwent spontaneous resolution of the PED. Conclusion: Fellow-eye findings, conversion to CSC, resolution of PED after PDT or, less commonly, spontaneously support that isolated PED is a manifestation of CSC that represents an intermediate stage between pachychoroid and classic CSC. The chance of experiencing resolution of the PED was roughly twice as high with PDT as with untreated observation.
Introduction
The forms of central serous chorioretinopathy (CSC) that dominate clinical practice are classic CSC with monofocal leakage through the retinal pigment epithelium (RPE) combined with detachment of the neurosensory retina and chronic CSC with diffuse retinal pigment epitheliopathy combined with shallow detachment of the retina. Optical coherence tomography (OCT) often shows a small pigment epithelium detachment (PED) at the site of focal leakage on fluorescein angiography (FA) in CSC. A choroidal origin of the serous fluid under the retina is suggested in CSC being associated with choroidal thickening (Imamura et al. 2009 ) and choroidal vascular hyperpermeability being seen on indocyanine green angiography (ICGA) (Scheider et al. 1993; Guyer et al. 1994) .
Verteporfin photodynamic therapy (PDT) is commonly used to treat CSC and has been found to promote elimination of subretinal fluid and to limit irreversible visual loss associated with photoreceptor atrophy (Cardillo et al. 2003; Moon et al. 2009 ). Popular in the 20th century, fundus photocoagulation therapy has largely been replaced by PDT, which spares the retina of overt tissue destruction. After PDT for CSC, clinicians have observed RPE tears and outer retinal atrophy Moon et al. 2009; Copete et al. 2012) , but it is difficult to determine whether this is a consequence of CSC itself or a complication of PDT. Cases where the development of an RPE tear was observed must be suspected of having harboured occult choroidal neovascularization before PDT was administered (Nagiel et al. 2013) .
In 1987, Gass reported patients with CSC in one eye who were found to have asymptomatic PEDs in their fellow eye. A few case reports have demonstrated transition from one entity to the other (Bandello et al. 2000; G omez-Ulla et al. 2000) , which prompts the suspicion that isolated RPE detachment could be a manifestation of CSC, that it is at risk of progression to classic or chronic CSC and that the condition might respond to treatment used for CSC. Cases of isolated PED can be symptomatic, if located close enough to the centre of the fovea to produce metamorphopsia, binocular rivalry and astenopia. Successful flattening of the PED and the overlying neurosensory retina with elimination of metamorphopsia after PDT has been reported in smaller series (Yannuzzi et al. 2003; Olivier et al. 2005; Sch€ utt et al. 2007; Chan et al. 2008; Gupta & Mohamed 2011) .
This retrospective study of all cases of isolated PED seen at a single centre over a period of 6½ years reports symptoms, morphological characteristics, spontaneous development and outcome after PDT.
Materials and Methods
This review of cases comprised 634 patients diagnosed with CSC or isolated PED between January 1, 2007 and June 30, 2014 at the Medical Retina Clinic of the Rigshospitalet (formerly the Glostrup Hospital) in Copenhagen. Criteria for the diagnosis of CSC have previously been reported by Wang et al. (2008) . To count as a case of isolated PED, the study required sufficient image documentation to allow adjudication of the diagnosis. Such documentation could include OCT (Spectralis; Heidelberg Engineering, Heidelberg, Germany, Topcon 3D OCT-2000, FF450; Carl Zeiss Meditec, Hennigsdorf, Germany), fundus photography, FA, ICGA and fundus autofluorescence imaging (Spectralis; Heidelberg Engineering).
Data analysis included age, sex, associated systemic disease, use of corticosteroids, past history of CSC, metamorphopsia and binocular visual complaints at the time of diagnosis and at the final visit, best-corrected visual acuity (BCVA) at the time of diagnosis and at the final visit, findings at the fundus examination and ancillary investigations, including the number, location and types of PED, angiographic sites of leakage, location of serous neurosensory retinal detachment, treatment given, length of follow-up and choroidal thickness at the time of diagnosis or at the visit that led to PDT and again from a routine follow-up visit at least 1 month after treatment.
Choroidal thickness was determined by analyzing enhanced depth imaging-OCT scans (EDI-OCT). Only scans that had a clear posterior boundary of the choroid were included.
The PED was described by identifying the location of its centre and of its rim in relation to the foveal avascular zone and categorized based on terminology used in the Macular Photocoagulation Study Group (MPS) (1991a, b) . Pigment epithelium detachments (PEDs) were defined as extrafoveal PED when they were no closer than 200 lm to the centre of the foveal avascular zone. Juxtafoveal PED extended to within 199-1 lm from the centre of the foveal avascular zone. Subfoveal PED reached the geometric centre of the foveal avascular zone. Fundus distances were measured using standard software tools supplied by the camera manufacturers without attempting to correct for interindividual variation in lateral magnification.
Outer retinal atrophy was diagnosed when the photoreceptor outer segment layer or the outer retinal layers, counted from the external limiting membrane, was missing or visibly reduced in thickness compared to surrounding healthy retina or a healthy fellow eye and when foveal centre thickness after reattachment of the retina was less than 200 lm. If reattachement was not seen, foveal thickness was measured from the inner to the outer aspect of the fovea in the foveal centre, including the photoreceptor outer segments.
Clinical practice during the period of observation was to offer PDT, halfdose or full-dose, to patients who had persistent visual complaints after 3 months of conservative management. Conservative management included discontinuation of glucocorticoid exposure, when relevant and possible, and counselling about the potential role of stress. We proposed PDT only after the patient had been informed about the limited experience with the treatment and when there was no sign of resolution of the sub-RPE fluid.
Results
This retrospective review identified 22 eyes with isolated PED in 19 patients in whom PED had been found in the absence of overlying serous detachment of the neurosensory retina and where no primary pathology was present other than patchy choroidal hyperpermeability on ICGA, in the incident or fellow eye ( Fig. 1) , or where manifest CSC or isolated PED was seen in the fellow eye. The three bilateral isolated PED cases had no other abnormality than this lesion type in either eye.
At the time of the first eye examination, the mean age of the 19 patients was 50 years (range, 39-70 years, 16 men (84%) and three women (16%)). Four patients reported no systemic disease, seven (37%) had arterial hypertension, two (11%) had hypercholesterolemia and diabetes mellitus, whereas multiple sclerosis, asthma, migraine, sleeping apnoea, ocular migraine and eczema were each presented in one (5%) patient. A history of corticosteroid use (systemic, injected, inhaled or topical) was recorded in eight patients (42%). Nine patients (47%) reported high levels of stress, spontaneously or when asked about it. Presenting symptoms were decreased or blurred vision (58%), metamorphopsia (47%), binocular complaints or reading difficulty (37%) and floaters (26%) ( Table 1) .
Median BCVA in all 22 eligible eyes in 19 patients was 1.0 (range, 0.5-1.25) at presentation and 1.0 (range, 0.3-1.25) at the conclusion of follow-up.
Five patients (26%) had classic CSC in their fellow eye. Patchy staining of the inner choroid on mid-phase ICG angiography was observed in two fellow eyes (11%). Bilateral isolated PED was observed in three patients (16%). In nine patients (47%) examination of the fellow eye was unremarkable (Fig. 2) .
In five eyes (23%) in four untreated patients the PEDs flattened spontaneously and completely within 6 months (range, 5-8 months) of observation. Of the 13 eyes (59%) in which the PEDs remained unchanged, two eyes progressed to develop a neurosensory retinal detachment that resolved spontaneously without intervention and four eyes received PDT with subsequent complete resolution of the PED. In the remaining four (18%) eyes in four patients who experienced transition to manifest CSC this was preceded by an increase in the size of the PED, elimination of PEDs and exudative retinal detachment was achieved after PDT in three eyes and one eye showed persistent sub-retinal fluid.
Photodynamic therapy was opted by nine out of 19 patients in nine eyes after a median period of OCT-documented observation of 15 (range, 2-62) months. Seven eyes were treated only once, six with full-dose PDT, one with half-dose PDT. Two eyes in two patients were treated three times, all with full-dose PDT, after which persistent PED was seen in one eye while regression of the PED with persistent serous retinal detachment was seen in the other eye. Complete resolution of the PED was seen in the seven eyes that were treated only once. Best-corrected visual acuity (BCVA) in the eyes that received PDT was 0.8 (range, 0.5-1.0) at presentation and 1.0 (range: 0.3-1.25) at the conclusion of follow-up. Metamorphopsia resolved in four (67%) out of six patients who received PDT and binocular visual discomfort resolved in four (80%) out of five patients.
The relation between PED location and symptoms was examined by classifying the PED location according to the MPS classification of choroidal neovascularization location. In 12 eyes (55%) in 11 patients with extrafoveal PEDs, multiple PEDs were found in three eyes, each eye with two foci of PED. Of the three patients with extrafoveal PEDs that complained of binocular rivalry, two patients had the posterior edge of their extrafoveal PED inside the foveal avascular zone. Juxtafoveal PEDs were seen in seven eyes (32%) in six patients, four of whom had both binocular complaints and metamorphopsia, while one patient complained of binocular discomfort and one complained of metamorphopsia. Subfoveal PEDs were seen in four eyes (18%) in four patients, of whom only one was asymptomatic.
The relation between PED location and symptoms was also examined by measuring the distance from the PED to the centre of the fovea. In the 10 eyes in nine patients without metamorphopsia or binocular discomfort the median distance from the foveal centre to the nearest edge of the PED was 1127 lm. In six eyes in six patients who had binocular discomfort or metamorphopsia the median distance was 85 lm (Fig. 3) . Subfoveal PED was found in four eyes in four patients. Distance could not be measured in two eyes in two patients because the posterior rim of the PED was tangential to the foveal centre.
Enhanced depth imaging (EDI)-OCT scans made at the time of diagnosis were available in 19 eyes in 16 patients, whereas EDI-OCT was available only after PDT in four eyes in four patients. Mean subfoveal choroidal thickness in eyes with scans at baseline was 348 lm (range, 224-523 lm) whereas in fellow eyes it was 322 lm (range, 184-539 lm). Mean subfoveal choroidal thickness in eyes that underwent PDT was 352 lm (range, 230-472 lm) before PDT and 309 lm (range, 225-407 lm) after PDT (Table 2) .
Apical atrophy of the RPE with severe attenuation of its pigmentation was observed in four eyes in four patients. One of these eyes was a fellow eye. Atrophy was detected at the time of the first eye examination in three eyes. Of these three patients, two had been symptomatic for 11 and 9 months, respectively, prior to being referred to us, where one patient had experience several episodes with blurred vision and metamorphopsia that disappeared spontaneously without being seen by a physician. In one fellow eye with classic CSC and PED, complete atrophy of the pigment epithelium at the apex of the detachment was seen to have developed after 9 months of untreated observation (Fig. 4) . Fig. 1 . Isolated subfoveal pigment epithelium detachment in the right eye (top left) and patchy choroidal hyperpermeability in both eyes (upper middle row) of patient no. 1 who complained of a blurred spot and metamorphopsia in the right eye. After 8 months of observation without regression, the patient underwent photodynamic therapy and, when seen again 1 month later, the fovea was attached with mild attenuation of the foveal photoreceptor outer segments (lower middle row) compared to the left eye (bottom row). 
Discussion
This review of cases included 19 patients with isolated PED, by which we mean a PED that presents in the absence, in the eye in question, of a clearly recognizable primary disease such as dry or wet age-related macular degeneration or polypoidal choroidal vasculopathy and without an accompanying serous detachment of the neurosensory retina that could support the diagnosis of CSC. Various features observed in our patients support that isolated PED is related to CSC, namely the occasional presence of CSC in the fellow eye, patchy hyperpermeability on ICGA, progression from isolated PED to classic CSC.
Despite the majority of patients having excellent visual acuity, more than half had metamorphopsia or binocular complaints compatible with binocular rivalry, often in the form of reading fatigue, or both.
The diagnosis of symptomatic binocular rivalry secondary to metamorphopsia was the deciding factor in offering PDT. In seven out of nine cases treated with PDT, there was a favourable outcome with elimination of the PED and four of those cases reported reduction in binocular rivalry and metamorphopsia after a single treatment. Three PDT sessions was performed on two eyes in two patients with subsequent disappearance of metamorphopsia in one eye. In this non-randomized post hoc comparison of a small series of cases, the chance of experiencing resolution of the PED was roughly twice as high with PDT as with untreated observation.
The study population had relatively large proportions of men and patients exposed to glucocorticoids or stress, which is compatible with the characteristics of CSC (Yannuzzi 1987; Wang et al. 2008) .
Central serous chorioretinopathy (CSC) is associated with thickening of the choroid and a precursor stage, pachychoroid, where the choroid is thick but no detachment of the RPE or the retina has occurred (Warrow et al. 2013; Lehmann et al. 2015; Pang & Freund 2015) . In classic CSC, one or more small PEDs can often be seen under the detached retina. Consequently, isolated PED must be suspected of being an intermediate stage between pachychoroid and classic CSC. This is compatible with the model of CSC described by Yannuzzi et al. (2003) , where choroidal vascular hyperpermeability leads to choroidal thickening with an excess of choroidal extravascular fluid, elevated hydrostatic pressure in the choroid and the induction of RPE detachment by fluid that is forced anteriorly through Bruch's membrane. This may then lead to leakage into the subretinal space if rupture or elevated permeability of the RPE occurs, and serous retinal detachment (Yannuzzi et al. 1992) . In agreement with this hypothesis, we found thicker choroids in eyes with isolated PED compared to fellow eyes. Furthermore, subfoveal choroidal thickness decreased by a mean of 12% after PDT.
A study by Laatikainen & Hoffren (1991) in the pre-OCT era found detachment of the retina in three out of 10 eyes with non-senile PED, but saw no transition from isolated PED to serous retinal detachment. G omez-Ulla et al. (2000) described a 47-year-old woman with a symptomatic isolated PED who developed CSC 3 months later. Moisseiev et al. (1989) reported a similar case in a 37-year-old woman who developed CSC in an eye with a long-standing isolated PED. Giovannini et al. (1997) reported the development of three cases of CSC during the follow-up of 36 eyes of 25 patients with idiopathic serous PED and suggested that evolution to CSC can occur in eyes showing evidence of dilation of choroidal veins in the area close to the PED on ICG angiography. The present study is in line with these previous observations and adds the information that the majority of isolated PEDs resolve after PDT, that the rate of resolution after PDT in this retrospective case series was higher than the spontaneous remission rate and that resolution of detachment was accompanied by elimination of metamorphopsia and reduction of binocular visual discomfort.
In the untreated eyes in this study, spontaneous resolution of the PED occurred in five eyes while the PED persisted in the remaining eight eyes. Neither group of patients experienced significant visual acuity reduction. A case series reported by Lewis in 1978 described the clinical course in 21 patients with idiopathic serous detachment of RPE. Most patients in this series retained excellent vision, with 78% having visual acuity 20/25 or better and 97% having 20/50 or better over an average follow-up of 7 years (Lewis 1978) . Our results confirm that visual acuity can remain normal or near-normal after untreated observation, even if the PED does not disappear, as seen in a previous study (Gupta & Mohamed 2011) . The chance of seeing metamorphopsia disappear was lower, however, with conservative management than with PDT. Thus, the principal short-term gain afforded by PDT appears to be that it promotes the resolution of metamorphopsia. An additional concern with persistent PED is that it is associated with apical atrophy of the RPE and the overlying photoreceptor layer (Pryds et al. 2012) . It is unknown if resolution of the PED reduces the risk of such atrophy.
In conclusion, the present study suggests that isolated PED is an integral part of the disease spectrum of CSC, between pachychoroid and classic CSC. The PEDs seen in our cases were large, ophthalmoscopically overt and often symptomatic. They had Fig. 4 . Left column: Isolated juxtafoveal pigment epithelium detachment (PED) in the right eye of patient no. 9. Degenerative changes are seen in the photoreceptor layer over the apex of the dome in the form of a clump of hyperreflectivity and photoreceptor disarray (top). After 3 months of observation, subretinal fluid is seen around the rim of the PED (upper middle). Six months later the serous detachment had expanded and the photoreceptor-pigment epithelium complex showed multiple clumps and foci of attenuation (lower middle). Six months after photodynamic therapy the detachments had completely disappeared (bottom). Right column: Juxtafoveal PED with serous detachment of the surrounding retina in the left eye of patient no. 9 (top). Three months later, all of the subretinal fluid and the bulk the subpigmentepithelial fluid had spontaneously disappeared (upper middle). After 6 more months of untreated observation, the retinal PED had reappeared, now with what appeared to be complete atrophy of the pigment epithelium at the apex of the detachment (lower middle). The detachment resolved after photodynamic therapy and outer retinal atrophy was seen corresponding to the apex of the formerly detached retinal pigment epithelium (bottom). grown to become unusually large, without rupturing or leaking diffusely, which would otherwise presumably have led to the progression to classic CSC. While spontaneous resolution did occur, disappearance of the PED was faster and more common in eyes that underwent PDT.
